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Abstract

The validation of aging methods is an important step in estimating growth and longevity and has been accomplished for
red snapper. However, routine age interpretation remains largely subjective. A reference collection of 300 red snapper otoliths
was circulated among seven external laboratories in the Gulf of Mexico region to compare ages against our internal laboratory
determinations. A precision benchmark of average percent error (APE; estimate of pregis#énas been suggested for
moderately long-lived species such as red snapper. APE ranged from 2.5 to 6.0% for six facilities with no apparent bias in
estimates as age increased. One initial estimate was notably higher with an APE of 11.6% and bias was evident. Beyond the
need for initial training to recognize annulus patterns in decades-old fish, common differences between readers were related
to interpretation of the otolith edge type and to interpretation of the first annulus. Precise measurement of annulus distances
and identification of otolith edge patterns aided by light reflectivity measurements indicated that annual rates of transition from
translucence to opacity were consistent. However, annual differences in the seasonal timing of otolith zone transition occurred
on the order of a few months (this study and others). The degree of opacity varied in the first annulus, but the distance from the
core to the distal edge of the first annulus was consistently around 1 mm (mean =1.05 mm; S.D. =0.11). By recognizing possible
variations in these patterns and with use of periodic reader training and a reference collection, our expectation is that a 5% APE
precision target can be readily achieved and improved upon.
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1. Introduction 1976; Bortone and Hollingsworth, 1980; Nelson and
Manooch, 1982; Manooch and Potts, 1997; Patterson et
Red snappel,.utjanus campechanu$oey, 1860) al., 2001; Wilson and Nieland, 20pMWhile validation
is one of the most economically important fish species of aging methods is an important criterion in estimat-
in the southeastern U.S. and has been the subject ofing growth and longevity, and has been accomplished
several age and growth studieSufch and Bruger, forred snappeBaker and Wilson, 20Q1age interpre-
tation remains largely subjective. The repeatability of
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2007). Routine annual aging is increasingly performed from all the gulf states and from many different age
to track recruitment and age structure trends over time classes. Otoliths were sectioned and mounted for aging
for stock assessment purposédihan et al., 2002 following the methods o€owan et al. (1995)Ve des-
Precision of routine age determinations (e.g., from ref- ignate these as adults even though we later show these
erence samples aged by different readers) ultimately otoliths often represent relatively young fish (>1 year
reflects an ability to distinguish strong from weak year in age). We also obtained otoliths from fish, which we
classes and is therefore animportant concern for assessedesignate as juveniles (agel year) captured during
ing stock condition Beamish and McFarlane, 1995; fishery independent surveys from February to Novem-
Crone and Sampson, 1998; Campana, 2001 ber 2002. Otoliths were extracted from the juveniles
Evidence from aging workshops and initial ex- and prepared in a manner similar to the adult speci-
changes of red snapper otoliths between laboratoriesmens but using a low-speed (90 rpm) sectioning saw
indicate that differences between readers affecting es-instead of the typical high-speed (1800 rpm) saw used
timates of precision are most often related to interpre- for adult otoliths.
tation of the otolith edge type and to interpretation of Sectioned otoliths were assigned an age based on
the first annulusAliman et al., 2002 These two fac- the count of annuli (opaque zones observed with re-
tors have also been noted for other species and are of-flected light) along the dorsal edge of the sulcus acous-
ten problematic as standardized age-structure interpre-ticus and on the degree of marginal edge completion.
tations become more important for production aging For example, otoliths were advanced 1 year in age
(Francis et al., 1992; Fowler, 1995; Campana, 3001 after 1 January if their edge-type was a nearly com-
These problems are most acute when errors of one orplete translucent zone. Typically, marine fish off the
two years in age-class assignment occur in the most southeastern United States complete annulus forma-
common age classes (i.e., 2-5 years). These errors cartion (opaque zone) by late spring to early summer
mask clear determination of year-class strength—the (Beckman and Wilson, 1995; Patterson et al., 2001;
“smearing effect” Beamish and McFarlane, 1995 Wilson and Nieland, 20Q1 Therefore, an otolith with
Ouir first objective was to compare red snapper agestwo completed annuli and a large translucent zone
from readers at our facility to seven other Gulf of Mex- would be classified as age 3 if the fish was caught
ico laboratories using a reference collection. Secondly, during spring in expectation that a 3rd (opaque) an-
we attempted to resolve the edge and first annulus in- nulus would have soon formed. After 30 June when
terpretation problems and to reconcile potential dif- opaque zone formation is typically complete, all fish
ferences among studies by: (1) determining the tim- were assigned an age equal to the annulus count by
ing of opaque zone formation using the method of convention. Thus, an annual age cohort was based on a
marginal increment analysis (MIA) based on carefully calendar year rather than time since spawnilea(ld,
selected, sectioned and measured sagittal otolith sam-1983; Vanderkooy and Guindon-Tisdel, 2003
ples with broad geographic and seasonal representa-
tion. We then compare the results from the selected 2.1. Reference collection
otoliths with those of other red snapper age studies;
and (2) by measuring the otolith core-to-edge distances A reference collection of 300 adult red snapper
from seasonally-collected juveniles through the period otolith sections was selected to represent most age
of their first annulus formation in order to character- classes, all seasons, both sexes, different collection
ize the shape, appearance and location of the year-oneyears, good to poorly prepared otolith sections and
annulus. the entire geographic range sampl€ainpana, 2001
Prior to exchanging and aging the reference collection,
a training image set was created for distribution via
2. Methods compact disk to all gulf laboratories by digitally pho-
tographing 100 otolith sections. Otoliths sections for
Expanded sampling of red snapper otoliths from the the training image set were selected using the same
directed fishery during 1998-2000 in the U.S. Gulf of criteria as for the reference collection. In order to es-
Mexico allowed us to draw a large number of otoliths tablish the location of opaque zones for the training
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(A)

(B)

Fig. 1. (A) Measurement path for selected otolith sections and (B) reflected red spectrum light intensity curve for the measurement path. Number
1=core to distal edge (as measured by the midpoint of the declining slope of the first annulus), numbers 2 and 3 indicate peak opacity for the
second and third annuli, respectively.

manual images, our laboratory and another laboratory = Once a general consensus on age assignment was
(laboratory 2), both of which had previous experience achieved by all laboratories on the training image set,
aging red snapper, developed a consensus on annuli lothe reference collection was exchanged. The reference
cation. Other participating laboratories had little or no collection was first used to address within-laboratory
experience aging red snapper. Each otolith section wasreader variation and to establish a consensus age set for
digitally photographed twice, once without any annota- each laboratory. These consensus age sets were then
tion and once with assumed annuli marked. The otolith compared between laboratories. Reference collection
training image set was distributed to all laboratories ages from seven external laboratories were compared
and afterward an otolith training workshop was held to to those generated by our laboratory since our labo-
address any questions. ratory had had notable experience and was initiating
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the reference collection. Average percent error (APE;  Since we count opaque zones as annuli, a full annual
Beamish and Fournier, 198#vas used to compare our cycle should include two successive points of maxi-
age determinations to those of other laboratories. We mum opacity. However, the marginal increment is de-
considered an APE of 5% as a reference point for mod- fined as the distance across the translucent zone mea-
erately long-lived species with relatively difficult to  sured from the last opaque zone (maximum reflected
read otoliths orison et al., 1998; Campana, 2001 light) to the otolith edge. Our preliminary observations
Age bias plots were used to look for systematic dif- revealed that as the translucent marginal increment in-
ferences between laboratories for reference collection creased approaching the next season’s opaque zone, the

ages Campana et al., 1995 reflected light also increased. Often some opacity was
apparent to the eye before the annual cycle was com-
2.2. Optical analysis plete on the margin. Since the increase in opacity was

gradual, it was extremely difficult to judge the maxi-
We selected over 1000 adult red snapper otoliths mum value until the edge was sufficiently distinct (i.e.,
from 1998 to 2000 covering all months and from all opaque) to evidence a decline in reflected light. Ac-
five gulf states. A second selection of 259 from this col- cordingly, the edge values were seldom equal to zero.
lection was made to retain those sections which were  While marginal increment analysis (MIA) may not
precisely cut through the core at an angle perpendic- be the best method for validation, it does allow insight
ular to the anterior/posterior axis to locate a consis- intotiming of otolith zone formationGampana, 2001
tent point of origin. We took care to select only those MIA can be divided into edge analysis (frequency of
sections that did not show edge damage, preparationedge type) or an increment measurement approach,
flaws, or other defects typical of routine age prepara- the latter being the more common meth&@hmpana,
tions. 2000). We will refer to these MIA approaches as
Each otolith section was examined at2Bagni- edge-frequency and edge-measurement analyses, re-
fication and measured using an image analysis systemspectively. We employed both edge-measurement and
(PhotoShop 69 equipped with the Andromeda Mea-  edge-frequency analysis, but compare our findings with
surement Filter, used for calibration). Measurements to edge-frequency results of others. Least squares linear
the nearest 0.01 mm were made for each of the follow- regression was used to examine the relationship be-
ing characteristics: core to the distal edge of the first tween juvenile total length (TL mm) and core to edge
opaque zone, core to the center of the second opaqueotolith distance (mm). Data were natural log trans-
zone, core to center of third zone and any subsequentformed to meet the assumptions of homogeneity of
opaque zone, and core to edge. The measurement patlvariance and normality.
extended from the core to the edge along the dorsal
side of the sulcus acusticuBif. 1A). Opaque zones
and edge structure were selected by eye and verified3. Results
using light intensity curves. The associated light inten-
sity curve represented the red spectrum along that path.3.1. Reference collection
The red spectrum was used for the wavelength profiles
because it served to increase resolution and helped to The APE for the three otolith readers from our lab-
reduce subjectivity by using light patternsto aidinmea- oratory was 2.5% for the reference collection. Outside
surements. Since the first opaque zone is usually broadlaboratories reported from one to four otolith readers
and diffuse, we chose to measure to the distal edge of per laboratory. Those laboratories which had more than
the first zone instead of the center of the zone as we did one reader and reported an internal APE, had APE val-
for the other opaque zones. The distal edge is seldom aues of 3.89% (four readers), 5.02% (three readers) and
discrete point but a gradual transition to translucent, so 11.11% (two readers). Initial comparisons of our ages
we used the midpoint of the declining slope of the light to external laboratory ages indicated that laboratories
intensity curve to aid in locating the edge and to re- 1-4 had an APE below the 5% target (2.8, 3.5, 3.7
duce subjectivity Fig. 1B). Measurements were made and 4.5%, respectively) and laboratories 5 and 6 had
without prior knowledge of collection date. an APE slightly above (5.9 and 6.0%, respectively)
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gory of internal laboratory age one standard deviation. Solid line
Fig. 2. Average percent reader error (APE) for seven external lab- indicates a 1:1 equivalence.
oratories compared to internal laboratory ages from the 300 otolith
reference collection. Dashed line indicates the 5% APE reference prepared their own laboratories’ otolith sections using

point. a slightly different method compared to our method
which might have led to some of the discrepancies.
(Fig. 2). However, major differences were noted be- To help clarify discrepancies, digitized otolith images
tween the internal readers and laboratory 7 readersfrom the reference collection were exchanged between
(APE of 11.6%). Laboratory 7 also recorded the high- our laboratory and laboratory 7. Once the main dis-
est APE for internal readings (11.11%). To determine crepancies were resolved, a second reference set of 300
if age differences between internal and laboratory 7 randomly selected otoliths was selected from the lab-
readers were systematic, an age bias plot was used toratory 7 collection and read by both laboratories. An

compare the mean laboratory 7 age to each of the ageAPE of 7.6% was calculated for this second collection.
categories for internal reader ages. We noted that labo-

ratory 7 tended to overage younger fish (ages 1-5) and3.2. Optical analysis

underage older fish (>ageBig. 3). In contrast, an age

bias plot of mean laboratory 1 age versus internal age  Two hundred fifty-nine adult red snapper otoliths

categories indicated good agreement especially for thethat had been precisely sectioned through the core

most common age classes (i.e., agesKig; 4). After were selected, aged and measured. The samples rep-

investigation we determined that laboratory 7 had en- resented all gulf states from 1998 to 2000 but were

listed a relatively new otolith reader. Laboratory 7 also optained primarily from Florida and Louisiana during
1999 Fig. 5A and B). Otoliths were from all months

40 except December. Fish having three and four opaque
35 | zones dominated the selected samples, which is typi-
30 A cal of the age-structure in commercial and recreational
% - fisheries Allman et al., 2002 (Fig. 5C). _
~ Translucent zones narrow as fish age, this can lead
8 20 to differences between age classes in the pattern and
g 15 timing of marginal increment formatiorSfith and
S 101 Deguna, 2008 Even with our relatively large sam-
51 ple size we needed to combine fishes of different age
0 classes to have sufficient numbers to examine the sea-

1 4 7 10 13 16 19 22 25 28 31 34 37 40 ,
0 3| 16 E:I b 5 28 81 34 87 40 sonal pattern of annulus formation. Therefore, we had
niernaliab age to assume that the annual timing of the edge minima
Fig. 3. Age bias plot of mean laboratory 7 age for each age cate- is similar _for each age class in our colleptlon. A plot

gory of internal laboratory age one standard deviation. Solid line ~ Of edge distance by month of the collection indicated

indicates a 1:1 equivalence. that the minimum marginal increment occurred April
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180 To help verify our interpretation, we examined
160 . . .
o, 140 measurements obtained from 167 juvenile red snap-
g per collected through the period of first annulus for-
§- & mation and ranging in total length (TL) from 33 to
£ 4 241 mm Fig. 9A). Core to edge distances (mm) were
X1 . ‘ strongly related to fish total length (mny) € 0.001),

1998 1999 2000 and the edge of the first annulus appeared at a dis-
Year tance of approximately one millimeter from the core
(mean=1.05mm, S.D.=0.11mm). The first annu-
lus generally formed between 110 and 170mm TL

80

gg (Fig. 9B). Otoliths from fish greater than 180 mm TL
were found to have completed the broad first opaque

40 . . . . . .

30 zone. Examination of juvenile by capture date indicated

=0 . . l that individuals collected early in the year (day 38,

February) had yet to complete an annulus, while about
20% of spring caught fish (day 113-130, April-May)
had completed an annulusig. 9C). Most fish greater
than 100 mm TL had completed annulus formation by
summer (day 168—197, June—July). Summer caught in-
dividuals less than 100 mm TL were probably young-
of-the-year. Fish collected in the fall (day 324, Novem-
ber) had all completed an annulus.

We did observe biological variation (e.¢rig. 10
2 3 4 5 6 7 8 =8 and, during initial routine processing, otoliths were
© Ring count not always sectioned precisely in a transverse fashion
through the core. Both of these sources of variation
sometimes rendered discrimination of the first annulus
difficult.

=

Frequency
g

Florida  Alabama Mississippi Louisiana  Texas

State

3

Frequency
oB85858888

Fig. 5. Frequency of adult otolith samples selected for marginal in-
crement analysis by (A) year, (B) state and (C) opaque ring count.

through July Fig. 6). This same patternwas notedwhen 4. Discussion
we grouped age classes into two groups. We observed
that the pattern appeared to be one of rapid increase in4.1. Reference collection
opaque zone completion (hence transition to minimal
marginal increment) from March through May. Opaque Inconsistent interpretation is a major problem for
margins were only observed from April to August with  production aging laboratories. Red snapper have been
the highest percentage of opaque margins recordedrelatively difficult to age based on levels of precision
in May. Opaque zone formation was completed rela- determined from this study and from previous studies
tively quickly, with frequency declining through Au-  (Allman et al., 2002 An observed trend for red snap-
gust. Marginal increments indicated a gradual increase per, commonly seen in production aging laboratories,
in the width of the translucent zones from late summer is that within-laboratory reader estimates were more
through winter Fig. 6). precise than between-laboratory estimatsnan et
Examination of topologic features indicated that the al., 2003. This study reported precision estimates of
first year’s growth was visually detectable as a broadly 2.8-11.6% APE for seven external laboratories com-
diffuse opaque zone of similar dimension among the pared to internal reference collection ages, with only
otoliths. This characteristic broad first opaque zone oc- one laboratory greatly exceeding the benchmark 5%
curred on the dorsal side of the sulcus acusticus and APE. The high value for that laboratory (APE = 11.6%)
typically had a triangular shap€ifs. 7 and was thought to be due to a relatively inexperienced
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Fig. 6. Mean marginal increment (MIA} one standard deviation and percent opaque edges (dashed line) by month from archived selected
samples.

Fig. 7. The growth zone of an otolith (outlined by solid line) reflecting a broad first opaque area which includes the presumptive first annulus.

1mm

5th annulus
forming at tip

4th annulus

1st annulus 2nd annulus

3rd annulus

Fig. 8. lllustration of the relationship of the first annulus to subsequent annuli. The presumed first annulus is evident as a broadly diffuse opaque
zone.
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251 (Wilson and Nieland, 2001; Allman et al., 200Dur
results underscore the importance of a reference col-
lection as a crucial quality control tool which must be
used continuously to ensure that individual reader ages
101 do not change over time and that ages from different
5 readers remain consistef@gmpana, 2001

20 1

Frequency

4
160
18
200
220
240

4.2, Opaque zone formation

Our edge measurements revealed that there was a
161 relatively sudden appearance of the opaque zone, a
::‘2‘: o O ° minimum marginal increment from April to July, and
104 3,__%}% % % - then a gradual increase in the width of the translucent
08 af ooy, zone through winter. Our results are broadly consistent
0.6 . - . . with results across taxonomic and geographical bound-
2‘2‘ - aries; that is, the opaque zone is complete by spring to
00 ‘ . ‘ . ‘ summer. The conclusion that this is an annual pattern is
0 50 100 150 200 250 also consistent for the juvenile fish we examined. The
pattern of sudden transition between translucence and
opacity, the relatively short duration of opacity (one to a
few months), followed by gradual increase in the width
01 °. ° of the translucent zone is also consistent with a tropi-
2001 I« cal pattern. The more visually distinct opaque zone is
ﬁl i chosen to be counted as the annuksler, 1995.
100 4 - The rates of transition from translucent to opaque
50 "1 were fairly consistent among other studies of red snap-
0 . . , per (Fig. 11). However, we did note that there were
differencesinthe seasonal timing of otolith zone transi-
tion on the order of a few months. The only other study
Fig. 9. (A) Length distribution (TL mm) of juvenile red snapper ~P€rforming edge measurements also revealed a sud-
examined through the period of presumed first annulus formation den formation of the opaque zone, denoted by a min-
EB) |<)érf19thh(TL mm) andlldistanﬁe from thle COFZ to the Otollith ?d%T imal marginal increment, but the transition occurred
the same juveniles with no annulus and one annulus visible :
af:(fjﬂ((gf length (TI{ mm) by day of year. Dark bars and symbols between Apriland JulyRutch an.d Bruger, 19-5&.3 op-
indicate an annulus was not visible, while open bars and symbols posed to March and May for this StUdy' By their resullt,
indicate an annulus was observed. peak frequency of opaque edges would have been ex-
pected in July. Several of the studies that utilized edge
reader who over-counted annuli in young fish and frequency analysis noted high proportions of opaque
under-counted the annuli in old fish (i.e., age>8). edgesin February, March and Apfif). 11). Together,
Slight differences in otolith preparation between lab- these results suggestthatthe peak occurrence in opaque
oratories could have also been a factor in the reader zone occurrence could range from March through July,
differences. In addition, one would expect laboratories while our results show peak opacity occurring during
with the fewest otolith readers to be at a disadvantage the midpoint of this range (i.e., May). These differ-
since there would be fewer readers to detect and dis- ences may occur due to interpretation error since MIA
cuss incorrect ages. A separate, second reference colis largely subjectiveBeckman and Wilson, 1995; Cam-
lection with fewer old fish, which was more typical of pana, 200 In addition, annual or regional differences
the ages seen by laboratory 7 yielded an APE of 7.6% could have accounted for the shifts in timing of opaque-
when compared to our laboratories’ ages. Other studiesto-translucent zone formation. Some investigators have
have reported precision estimates from 3.7 to 8% APE suspected or shown evidence that cooler temperatures

Core to edge distance (mm)

@
-
r
3
2
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(C)

Fig. 10. These otolith sections have a count of three opaque zones enumerated as annuli, with number 3 just forming on the edge. The outlined
area (B) indicates the broad first opaque zone but also shows an area of translucence between the core and the edge of the first annulus (A anc
B are same otolith). This pattern can give the false impression that four annuli are present. (C) More closely shows the delineation (solid line)
between the first broad opaque zone and the second opaque zone.

can delay opaque zone formatiddeckman and Wil- nal a hatch date early in the spawning season, while
son, 1995; Pearson, 1996; Thomas, 1984; Smith andan annulus close to the core suggests a hatch date
Deguna, 2008 late in the spawning season. This hypothesis was also
repeated in a recent aging manusarfderkooy and
4.3. First annulus formation Guindon-Tisdel, 2000 explain the different patterns

observed. While a test of this hypothesis was beyond

Red snapper commonly have a broad and diffuse the scope of this study, we did note that there was
first annulus which has also been noted in tropical lut- variation in the degree of opacity of the first annu-
janids and other reef fisheEdqwler, 1995. Because  lus (comparerigs. 8 and 1§ This may be a common
red snapper experience a protracted spawning seasorirend among tropical to sub-tropical species\ler,
(May—September)Qollins et al., 1995 Wilson and 1995. However, we did not note much variation in
Nieland (2001)hypothesized that a greater distance the distance from the core to the distal edge of the
from the core to the first annulus and the presence of first annulus. This distance was consistently about
translucence before the first annulus is completed sig- 1 mm.
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120- the year. If the timing of annulus completion varies,
) — ::_%wfi“w::: either geographically or inter-annually, it can affect a
ga 5. "u I s reader’s ability to assign the correct agar(ith and
o d,-’ % M Deguna, 2003; Pearson, 199_6 _
% 601 y Red snapper f0||ovy a typ|c_al spring-summer pat-
2 401 tern of annulus formation, but t{mlng varies by at Iea;t
2 0 / . L a few months based on the various red snapper studies
e i U P e examined. Currently, our aging formula advances fish
LA “2" PLEWLE 5 - ’8“'*‘ o expected to complete an annulus from January through
Month July which is consistent among all studies. After July,

we expect opaque zone formation to be complete and
Fig. 11. Percentage of opaque edges in red snapper otoliths perring count to be equal to age. This is a common ap-
month. Three studies measured the percent of opaque edges pefproach and one that has been recommended in recent
mnocintI:.ttE?gngr\;gr\év:I:tZT c?lgfedeirec:indrafzt?g iﬁ;]i?arwtlgr:ﬁgcgne aging manualsRantili et al., 2002; Vanderkooy and
?)ata fcr)omPatterson et al.p(200]r)!ere int%rp%lated from a bubble Guindon-Tisdel, 2008 Hovv_evgr, the period fo"F’W'”g
plot and 2 years were aggregated. expected annulus completion is clearly the period when

age assignment is most uncerta8niith and Deguna,

2003 and has been termed the “edge interpretation

We compared juvenile fish length at annulus for- problem” (Francis et al., 1992 One recommendation

mation with results of other studies as a check on our may be to target sampling for annual age-structure dur-
interpretation of the first annulus. We measured the to- ing the period when opaque zone formation is complete
tal body length of fish sampled through the spring and (i.e., late summer through fall). However, restriction of
summer when they were forming their first annulus sampling to certain times of year requires the assump-
based on ourinterpretation. We noted that the firstannu- tion that the sampling period represents the age struc-
lus was forming in fish 110-180 mm TL at about 1 year ture for fish collected at other times (e.g., no seasonal
following the expected peak spawning time (conven- change in selection for age).
tion assumes a spawning date of 1 JHgiterson et al. The often variable appearance of the first annulus
(2001) based orCollins et al. (1996andSzedimayer has been one of the leading causes of reader disagree-
and Conti (1999) This agrees with previous estimates ments during exchanges of red snapper otoliths. We
of size at first annulus, with modes of 110 mm TL in found size at annulus formation to be consistent among
June and 130 mm TL in JulHplt and Arnold, 1982 studies and this gives us reason to believe that we are
In addition, the size range of 40-230 mm TL for first- interpreting the first annulus correctly. The 1-mm dis-
year cohorts sampled from February to December in tance from core to distal edge of first opague zone may
the 1970s Kolt and Arnold, 1982 matches our size  therefore be a good guideline for the expected annu-
range for the cohort sampled over a similar time frame lus position and aid in interpretation. A carefully de-
in 2002. Szedimayer and Conti (199%¢ported that  signed otolith marking study, using wild juveniles rep-
age-0 red snapper (no annulus observed) ranged up taesenting a range of spawning dates and possibly in-
124 mm SL which is also consistent with the range that corporating temperature variables, would further clar-
we observed. ify interpretation problems. We feel that making con-
sistent interpretations will elucidate the possible influ-
ence of differential spawning time and annual temper-
ature/climatic signals.

4.4. Implications for precision and accuracy of
aging

Knowing when a species is expected to complete an acknowledgments
annulus is important in assigning the fish to the correct
year class. This is particularly crucial for a production We wish to thank Linda Lombardi-Carlson for help
aging approach used to characterize the age structurewith data set organization and to Dan Foster, Butch
within a fishery, since fish are often sampled throughout Pellegrin and lan Workman for collection of juvenile
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red snapper. Will Patterson and Pete Sheridan providedrowler, A.J., 1995. Annulus formationin otoliths of coral reef fish—a

helpful suggestions. We also wish to thank Dave Don-
aldson and Steve VanderKooy of the Gulf States Marine
Fisheries Commission and the personnel from cooper-
ating laboratories for taking part in the reference col-
lection study. Additional support was provided by the
National Marine Fisheries Service MARFIN (Marine
Fisheries Initiative) and Red Snapper Research Pro-
grams. Otolith training workshops were funded by FIN
(Fisheries Information Network).

References

Allman, R.J., Lombardi-Carlson, L.A., Fitzhugh, G.R., Fable, W.A.,
2002. Age structure of red snappkujanus campechan)is the
Gulf of Mexico by fishing mode and region. Gulf and Caribbean
Fisheries Institute 53, 482—495.

Baker Jr., M.S., Wilson, C.A., 2001. Use of bomb radiocarbon to val-
idate otolith section ages of red snapperjanus campechanus
from the northern Gulf of Mexico. Limnol. Oceanogr. 46,
1819-1824.

Beamish, R.J., Fournier, D.A., 1981. A method for comparing the
precision of a set of age determinations. Can. J. Fish. Aquat. Sci.
38, 982-983.

Beamish, R.J., McFarlane, G.A., 1995. A discussion of the impor-
tance of aging errors, and an application to walleye pollock: the
world’s largest fishery. In: Secor, D.H., Dean, J.M., Campana,
S.E. (Eds.), Recent Developments in Fish Otolith Research. Uni-
versity of South Carolina Press, Columbia, SC, pp. 545-565.

Beckman, D.W., Wilson, C.A., 1995. Seasonal timing of opaque zone
formation in fish otoliths. In: Secor, D.H., Dean, J.M., Campana,
S.E. (Eds.), Recent Developments in Fish Otolith Research. Uni-
versity of South Carolina Press, Columbia, SC, pp. 27-43.

Bortone, S.A., Hollingsworth, C.L., 1980. Aging red snappet-
janus campechanusvith otoliths, scales and vertebrae. North-
east Gulf Sci. 4, 60-63.

Campana, S.E., Annand, M.C., McMillan, J.1., 1995. Graphical and
statistical methods for determining the consistency of age deter-
minations. Trans. Am. Fish. Soc. 124, 131-138.

Campana, S.E., 2001. Accuracy, precision and quality control in age
determination, including a review of the use and abuse of age
validation methods. J. Fish Biol. 59, 197-242.

Collins, L.A., Johnson, A.G., Kiem, C.P., 1996. Spawning and annual
fecundity of the red snappetitjianus campechanugom the
northeastern Gulf of Mexico. ICLARM Conf. Proc. 48, 174-188.

Cowan Jr., J.H., Shipp, R.L., Bailey IV, H.K., Haywick, D.W., 1995.
Procedure for rapid processing of large otoliths. Trans. Am. Fish.
Soc. 124, 280-282.

Crone, P.R., Sampson, D.B., 1998. Evaluation of assumed error

structure in stock assessment models that use sample estimates

of age composition. In: Funk, Quinn, Heifetz, lanelli, Powers,
Schweigert, Sullivan, Zhang (Eds.), Fishery Stock Assessment
Models. University of Alaska Sea Grant College Program AK-
SG-98-01, pp. 355-370.

review. In: Secor, D.H., Dean, J.M., Campana, S.E. (Eds.), Re-
cent Developments in Fish Otolith Research. University of South
Carolina Press, Columbia, SC, pp. 45-63.

Francis, R.I.C.C., Paul, L.J., Mulligan, K.P., 1992. Ageing of adult
snapper Ragrus auratusfrom otolith annual ring counts: val-
idation by tagging and oxytetracycline injection. Aust. J. Mar.
Freshwater Res. 43, 1069-1089.

Futch, R.B., Bruger, G.E., 1976. Age, growth and reproduction of
red snapper in Florida waters. In: Bullis Jr., H.R., Jones, A.C.
(Eds.), in Proceedings of the Colloquium on snapper-grouper
fishery resources of the western central Atlantic Ocean. Florida
Sea Grant College Program Report No. 17, Gainesville, FL, pp.
165-183.

Holt, S.A., Arnold, C.R., 1982. Growth of juvenile red snappat-
janus campechanun the northwestern Gulf of Mexico. Fish.
Bull. U.S. 80, 644—-648.

Jearld Jr., A., 1983. Age determination. In: Nielsen, L.A., Johnson,
D.L. (Eds.), Fisheries Techniques. American Fishery Society,
Bethesda, Maryland, USA, pp. 301-324.

Manooch Jr.,, C.S., Potts, J.C., 1997. Age and growth of red snapper,
Lutjanus campechanu&utjanidae, collected along the south-
eastern United States from North Carolina through the east coast
of Florida. J. Elisha Mitchell Soc. 113, 111-112.

Morison, A.K., Robertson, S.G., Smith, D.C., 1998. An integrated
system for production fish aging: Image analysis and quality as-
surance. N. Am. J. Fish. Manage. 18, 587-598.

Nelson, R.S., Manooch Jr., C.S., 1982. Growth and mortality of red
snappers in the west-central Atlantic Ocean and northern Gulf of
Mexico. Trans. Am. Fish. Soc. 111, 465-475.

Panfili, J., de Pontual, H., Troadec, H., Wright, P.J., 2002. Manual
of fish sclerochronology. Ifremer-IRD Coedition, Brest, France,
p. 464.

Patterson Jr., W.F., Cowan Jr., J.H., Wilson, C.A., Shipp, R.L., 2001.
Age and growth of red snappémytjanus campechanugom an
artificial reef area off Alabama in the northern Gulf of Mexico.
Fish. Bull. U.S. 99, 617-627.

Pearson, D.E., 1996. Timing of hyaline-zone formation as related
to sex, location, and year of capture in otoliths of the widow
rockfish,Sebastes entomeldash. Bull. U.S. 94, 190-197.

Smith, K.A., Deguna, K., 2003. Formation and annual periodicity
of opaque zones in sagittal otoliths efugil cephalus(Pisces:
Mugilidae). Mar. Freshwater Res. 54, 57-67.

Szedlmayer, S.T., Conti, J., 1999. Nursery habitats, growth rates,
and seasonality of age-0 red snappetjanus campechanus
in the northeast Gulf of Mexico. Fish. Bull. U.S. 97, 626—
635.

Thomas, R.M., 1984. A method of age determination for the south
west African pilchardSardinops ocellataS. Afr. J. Mar. Sci. 2,
63-70.

Vanderkooy, S., Guindon-Tisdel, K., 2003. A practical handbook for

determining the ages of Gulf of Mexico fishes. Gulf States Marine

Fisheries Commission. Publication Number 11. Ocean Springs,

Wilson, C.A., Nieland, D.L., 2001. Age and growth of red snapper,
Lutjanus campechanugrom the northern Gulf of Mexico off
Louisiana. Fish. Bull. U.S. 99, 653-664.



	Precision of age estimation in red snapper (Lutjanus campechanus)
	Introduction
	Methods
	Reference collection
	Optical analysis

	Results
	Reference collection
	Optical analysis

	Discussion
	Reference collection
	Opaque zone formation
	First annulus formation
	Implications for precision and accuracy of aging

	Acknowledgments
	References


